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PARTICLES 

Ihventois: Alan Langfioid, Austoi John Woolfe and Xiam-Ming Zeng 
(Attorney Docket NHC0076-UNBg 

r^rigg liTnmRFNfrE TO BKT ATED APPLICATIONS 
lOOOl] This application daims the benefit of priorily of Provisional Application No. filed 
and Provisional AppKcation No. filed bofli of which are incorporated herein by reference. 

FTFT n OF THE I NVENTION 
[00021 The invention relates to partides, particularly to partides which may indude at 
least one active ingredient and which are suitable for inhalation and for tiie provision of 
inhalatian compositions. 

100031 Such partides and compositions are particularly suitable for treatment of 
pulmonary dteorders sudi as asflima, and as sudi are, it wiU be understood, suitable for 
pulmonary drug deUvery. These partides and compositions may also be suitable for systemic 
absorption from lungs as a preferred route into tire blood stream. 

BACKGROUND OP THE IN VENTION 
[00041 It is generaUy accepted tiiat inhalation is a proven route for tisatinent of asthma. A 
drug or drugs being administered by inhalation, which can be oral or nasal, have a direct route 
from an inhaler device to tiie lungs of the user of the device, so providing rapid action. 
[00051 Known partides and inhalant compositions incorporating same, however, often 
comprise partides having a generally rough external surface. This leads to agglomeration as tiie 
partides tend to lode physically togettier with each oflier and witii any soUd carrier exdpient 
which may be present induding lactose in aerosols or dry powder inhalers, and tiius 
agglomerate into dumps of partides. These dumps of partides have less tiian optimal 
aerodynamic size for effective penetration into tiie deep lung. This can lead also to an irregular 
or non-prescribed amount of active ingredient being suppUed in a single deUvery and 
moreover, tiie dumps canblock a discharge orifice of an inhalation device. 
[00061 It is an object of tiie invention to sedc to mitigate tiiese disadvantages. 
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DFTAH FD DESCRI PTTnN OF THE INVENTI ON 
[OOOn According to a first aspect of the invention there is provided partides for drug 
delivery by inhalatiorv which partides incorporate at least one active ingredient whidi is non- 
crystalline. 

[00081 Using the invention it is possible to accurately deliver drugs whidi are more 
commonly used in aerosols and dry powder inhalers and whidi are delivered at very low 
doses. Thus a drug sudi as f ormoterol fumarate is often delivered at about 6 micrograms per 
dose. The use of partides embodying the invention seeks to provide both a more uniform 
loading of sudi small quantities of such drugs in dry powder inhalers and to prevent any 
content uniformity problems traditionally caused by tiie differences in density of two or more 
active ingredients in suspension aerosols. Moreover, use of partides embodying the invention 
may also obviate dumping or deposition onto walls of an aerosol can, and in metered-dose 
powder inhalers (MDFl) may provide for lower forces of adherence between the partides and 
flifi carrier exdpien1> for example lactose or mannitol. Under tiiese conditions once any 
ag^omerates of partides containing the active and carrier exdpient enter the air stream ihey 
win generafly break up readily to give a high fine partide fraction whidi is carried to the lungs 
and carrier exdpient partides whidi lodge in tiie fliroat or buccal cavity. 

[0009] The partides may contain a plurality of active ingredients, each of which may be 
non-crystalline. Suitably, the outer surface of tiie partides may be substantially smootii. It wiU 
be understood that the term "smooth" used herein means generally 'Oaddng roughness". The 
partides may suitably be spherical, for example tiie partides may be oblate spheroidal. 
Alternatively, the partides may be substantially oval or substantially elUptical. Suitably, tiie 
partides may have a partide size in the range CSiom - Spii, preferably l^xm - S^m; when 
substantially oval or eUiptical, the longer axis of the partides may be 1-3 jmi. 
[0010] By providing non-crystalline partides with an outer smootii surface, a substantially 
accurate dose of active ingredient(s) can, in use of an inhalation device, be deUvered each time 
flie device is disdiarged, witii a faee flow and non-agglomeration of the partides. This is 
brought about by the smooth surface and the lade of a periodic ordered structure typical of a 
crystalline solid. Furfliermore, when an exdpient is induded within the partides, ttie small 
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partides of active ingredient are embedded within the exdpient and in general do not come 
intocantactwithanymoisturewhidimaybepresent Once in the lungs, the active ingredients 
in tiie partides will be adsorbed more quiddy because of Iheir non-crystalline form. 
[OOUl Furftennor^ as tit»e partides are substantially smooth and spherical there is very 
Htde surface contact between the partides because of this generally spherical configuration. In 
addition, partide interloddng is substantially obviated, in contrast to sudi interloddng whidi 
would result from a rou^ surface of the partides. In dry powder inhalers where ttiere are 
carrier partides sudi as lactose;, where the lactose partides are mudi bigger than the partides of 
active ingredient, (say 60 microns carrier, to 1-2 microns adive), then rough partides of active 
willstidcmoretothecarrierpartidesthanwouldsmooth partides. It is preferable to minimise 
forces of adherence between the partides and the ladose or other carrier partides, so fliat when 
the formulation enters the air stream any agglomeration of partides and carrier will readily 

■ break up, increasing the fine partide fraction of active. As previously descnTjed hi^ fine 
partide fractions are desirable for efficadous puhnonary effect 

[0012] The partides may be electrically uncharged and may be provided by a method 
seleded from the group comprising rapid expansion of solutions using a supercritical fluid 
tedmique, predpitation from gas satiirated solutions, gas anti-solvent systems, aerosol solvent 
extraction systems, and spray drying processes. 

[0013] According to a second aspect of tiie invention tiiere is provided an inhalation 
composition, comprising partides whidi incorporate at least one adive ingredient whidi is 
non-crystalline. 

[0014] The partides may suitably contain a pluraHly of active ingredients, of whidi one at 
leastmay be non-crystalline. Thus for example tiieie may be from one to four adive ingredients 
in a partide of ttie composition whidi may also comprise a pharmaoeutically acceptable 
particular exdpient 

[00151 The composition may in addition comprise a plurality of carrier exdpient(s), 
wHdi may comprise a modifier or stabiliser, or a diemical buffer, antioxidant and tiie like sudi 
as a surface modifier or surfedant Eadi carrier exdpient takes up and holds the partides and 
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assists in providiBg a consistent accurate dispensing of an inhalation dose when the 
composition is dispensed from an inhalation device. 

[00161 The outer surface of tt« partides of the composition may preferably be 
substantially smooth, for advantageous discharge as hereinbefore described, which particles 
may be substantially spherical or oblate spheroidal. Alternatively, the partides may be 
substantially oval or substantially ellipticaL 

[0017] m the compoation tiie partide size suitably may be in the range O^Mm - S^mv and 
preferably Ipn - Sfun. This provides for efficacy of treatment, particularly when the partides 
are dediically undiarged. The partide size too helps to obviate any tendency to agglomeration 
of the partides of the composition. 

[0018] Preferably, the adive ingredients may comprise a fe - agonist and a steroid or a &r 
agonistandanantidtolinergicagentsudiassahneterolxinafoateandtiotropiumbro^^^ Ina 
nK>st preferred embodiment, &e active ingredients may comprise a compositian of fluticasone 
and salmeterol xinafoate, and/or fonnoterol and budesonide. 

[0019] According to a third aspect of &e invention fliere is provided an inhaler device 
comprising an inhalation conation as hereinbefore defined. 

[0020] The exdpient is preferably non-soluble in the propenant In aerosols, preferred 
propellants may be P134a, P227 or a mbcture tiiereof . 

[0021] It will be understood that partides embodying the invention may be produced to 
the preferred substantiafly spherical configuration in the partide size range Ipm - Spm 
diameter in any desired process induding by a spray drying process, and tiiat the end product 
partides containing from 1 or more, preferably up to 4 active ingredients, need no fixrlher 
processing. This is particularly so when a supercritical fluid tedmique is used tx, produce the 
partides. 

[0022] The one or more adive ingredients are in a constant desired ratio for a particular 
dos^andmaybeselfidedfromfiz-agonists,steroids,antidiolinergicsorleucotrienes. The&r 
agonists may be short-or long-ading. Suitable steroids may be bedamethasone dipropionate, 
fluticasone^ etiprednol and budesonide. 
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[00231 The partide exdpient(s) when used may suitably be water soluble and may bind 
the active ingredients when Aere are two or more sudi ingredients. Suitable water soluble 
exdpients are PVP, Mactogd, Hydroxy Methyl CeUulose (HPMQ, polyethylene glycol, 
manniix,], and poloxamer. The partide exdpient must be able to be deared from the lungs or 
nasal passages in a complete manner. Preferably, the main exdpient is mannitol or PVP, and 
most preferably PVP (polyvinylpyrroKdone). Partides embodying the invention may be used 
alone or mbced with a carrier exdpient sudi as ladose, or otiier suitable carrier, or in 
conjunction with P134A or P227 or a mbcture tiiereof in an aerosol inhalation device together 
with ofter carrier exdpients such as a solvent 

[00241 In one example, eadi partide comprises a mbcture of two active ingredients, 
fluticasone and salmeterol xinafoate. In such a case: 

a. Huticasone is soluble to some extent in HFA propeUants and eihanol and so the 
properties of the exdpient in the partide must be to trap the fluticasone sudi that it 
cannot leadi out in any moisture^ or the aerosol propeUant penetrate and dissolve 
tiie fluticasone out of flie partide and into the Hquid propellant 

b. To maintain the ratio of fluticasone and sahneterd xinafoate in the partide so that 
there is content uniformity, different ratios of the two drugs can be envisaged e.g. 
fluticasone 50 - 500 ng and salmeterdl xinafoate 25 fig. 

c. The choice of the exdpient will be to meet the above two aiteii^ and at the same 
time have good suspension properties in typical aerosol formulation components. 
The suspended partides have physical properties sudi tiiat suspension is easUy 
maintained, and if the partides sediment or cream, flien they are easUy re- 
dispersed. They have very low affinity for tiie materials of tiie container, sudi as 
plastics and metals, and do not stick to the internal surfaces of tiie aerosol container. 
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[00251 In anoiiier example, flie active ingredients may be f ormoterol and budesonide, in 
whidi case an exdpient may not be required as ihe budesonide is present in a significantly 
greater amount ihan the formoterol e.g. in flie ratio 100 micrograms: 6 micrograms or 400 
nucrograms: 12 micrograms. 

[00261 Compositions suitable for nasal or pulmonary inhalation have been disclosed, 
suitable for example for treating asthma. Nevertheless partides embodying tiie invention may 
be used for all other suitable treatable conditions providing one or more appropriate active 
ingredients are used. 

[00271 AU partides and compositions embodying the invention generaUy indude at least 
one active ingredient; are stable and of a desired constant ratio of tiie active ingredients, where 
mote than one active ingredient is/are used, and may preferably indude a partide exdpient 
There are advantages in utilising such a partide exdpient (as opposed to a separate, carrier, 
exdpient) which can be summarised as foJlows: 
1) Protection from moisture: 

Foraujterol embedded for example in polymer e.g. PVP. Formoterol is hydrolysed by 
xnrashire whidi may occur in a metered-dose inhaler (MDI) due to water ingress 
titcough'C ring seals etcv particularly if eflianol is present Smularly in capsules for 
dry powder inhalation using metered-dose powder inhalers (MDPI) there is usually 
free moisture in the capsule shell whidi can transfer to the free drug, redudng flow and 
causing degradation. The use of polymer produces essentially non-crystalline, 
amorphous partides witiiout hydroscopidty. Extra drugs can be added e.g. 
budesonide, and/or flow aids sudi as lubricants etc, 
2) Content uniformity: 

With a very low dose drug (e.g. formoterol where Hie normal dose is 6 micrograms per 
inhalation) and the drug is to be formulated with a second drug e.g. budesonide in a 
dry powder inhaler it is difficult particularly in a reservoir device to ensure tiiat tiie 
correct doses of eadi individual dmg are present in every dose. The use of preformed 
partides where the ratio of drugs is constant in every partide, ensures content 
uniformity in every dose. In an aerosol suspension formulation particulady witii two 
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„n««dn>g*1he use ofacc«*ir»dparddewm prevent content uniftm^ 
paxdculady whe« *e dxug. have diifenng denMties which nvight cthenvise entail 
aifiering dc« ^aomuties due «. ditoen«s in density cau^g 

....pendabmty (in tt««»st case, vriaK>ul*e single parti*^ 

one float). 
3) Solubility: 

mere one dmgis soluble in IhepropeUant or propeUanVcc^solventnuxh^ 
a larger level of exdpient &an drug may enable, with control of drying parameters etc, 
en*edding of ihe drug and if the exdpient is insoluble in tite propeUant or 
propellanVco^lventmbcture, the drug wiU not dissolve. Wilh two or nu>re drugs 
where one is soluble and one or more is not, Ae use ofacombinedpartide may agam 

ensure a low variation in drug dose content uniformity. 
4) Stability: 

The issue of stabiUtyagainstmoisturehasabeadybeenreferred to abovebut additional 
carrier exdpientse.g. buffers, antioxidants etc with the drug and polymer may stab^^ 
a labile or pH sensitive drug, in other words when labile a drug whidt is unstable or 
liable to d^ange. Both Formoterol and Budesonide are unstable in P134a and/or 
P134a/Ethanolmbctures. By embedding one or boflv in a propellant insoluble polymer 
a stable preparation can be obtained. In the case of Fom«>terol a pH modifying agent 
xnay be added to the main exdpient. A pH rangp of 2 - 8, preferably 2.5 - 6 and most 
preferably 3 - 5 is preferred. 
5) Adhesion: 

Many dmgs will adhere to the surfaces in an aerosol suspension particularly the walls 
and eadx ote. The use of embedded partide^ particularly if lubricants e.g. 
magnesium stearate or surfactants are added can ensure mudt better uniform re- 
suspendabiUty of the suspension. 
6) Flow: 

The use of additional exdpients e.g. magnesium stearate etc may increase &e flow 
d^raderistics of the partides and ensureaWgher fine partide fraction whenmea^ 
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onau^nhnprngerorofterhnpactettypedevice. This is particulady toae if the 
dBrfce/capsule etc does not cantata any olheroamponeirtexoepllartepa^ 

invention. 

7) Elimination of unwanted phyaological responses: 

An instantaneous cough may be eliminated by embedding a cannabinol e.g, delta.9 
THCinapartideoftheinventionpriortoformulationinanMDIorMDPL Similarly 
delta-8 THC or a mixture of delta-9 and delta-8 THC may be employed. Delta-91HC 
is a delta tetrahydrocannabinol. Delta-8 THC is a derivative of the delta-9 molecule, 
aad possesses similar properties. Delta-9 IHC and its derivatives, including delta-8 
THC collectively cannabis, are known as cannabinoids. Such partides, whidi indude 
cannabinoids, may have a rough surface. 
8) Bulking Agent 

Production of a larger weight of partides containing a small amount of drug or drugs 
will enable tiie dispersion of the drug mudi more easily botii in aerosols and dry 
powder inhalers. For exanq,le the standard 6 or 12 microgrammes per dose of 
formoterol or 25 microgrammes per dose of salmeterol can be relatively leadily 
dispensed. These benefits are not necessarily single in natiire. For example a partide 
containing ddta-9 THC and PVP may prevent instantaneous cough from pure delta-9 
THC but will also give a flowable partide in an MDH whereas tiie drug itself is a very 
stidsy oa wifli very poor flow diaraderistics. A partide containing formoterol may 
decrease Ae adherence to can walls in an MDI as well as giving a mudi improved 
stabiHty. It will be understood tiiat flie term non-crystalline used herein indudes 
partides or an active ingredient tiiereof whidi is amorphous. The adive ingredient(s) 
may be amorphous, sticky or oily. 
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IRvam ple 1 

[00341 Partides produced wifliMaimitol by Spray Drying. 

[00351 Solution conoentration 1.5% (w/v) in purified water. 

Met temp. l^CTC 

Aspirator Setting 100%(.38nibar) 

Airflow rate 800 NWh 

PumpSetting 10%(145mIA»r) 

Ouiiet reading ^ffC 

[0034] Produced in a Budu 191 Spray Drying Apparatus 

[00351 ^lvepartidesformedweresphericalwiih74%bdow5rnicronsand99o^belowl0 
microns, as can be seen in the photo micrographs of Figs. 1 and % Fig. 2 showing partides 
obtained according to Example 1. 

Kv^mple 2 

[003$1 Partides produced wittiPVP by Spray-Drying 
[0037] PVP grade K30 used 

[00381 Solution concentration 13% w/vin95%e1hanol 

Met temperature 84*^ 

Aspirator setting 100% (-SSmbar) 

Airflow rate 800Nl/hr 

Pump setting 15% (220 ml/hr) 

Ouflet reading 60-61«C ■ 

[00391 Photomicrographs of initial PVP and partides produced. Ibe partides formed 
were spherical with 95% of partides below 5 micron and 100% below 8 microns, as can 
be seen in tiie photo micrographs of Figs. 3 and 4, Fig. 4 showing partides obtained 
according to Example 2. 
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[00401 One or more actives can be dissolved or suspended in Examples 1 or 2 to give 
suitable partides for inhalation. 
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